Octenyl succinic anhydride modified cassava starch containing both hydrophilic and hydrophobic groups is famous for its preferable emulsification properties and can also be used as excellent stabilizer and thickener in food industry. In this study, the conditions of esterification were studied with respect to cassava starch species, temperature, pH, time, the OSA/starch ratio and the OSA/ethanol ratio of the reaction to make the process optimization through. The e ects of these parameters were evaluated on the basis of degree of substitution (DS) and raction of efficiency (RE). The concluding results were as follows: reaction time of 2.5 h at 3% OSA/starch ratio at1:3 OSA/ethanol ratio at 38 and pH8.2 at 33% starch concentration. The maximum DS and ES were 0.0165 and71.13 %.
Introduction
Native starches, are widely used in food industry applications. However, the defects of the unmodified starches such as insolubility in cold water; the lack of pasting consistency and stability when dispersed and heated in water; the loss of viscosity by acids or mechanical shear; lack of clarity and the tendency to retrograde during storage; and the lack of emulsification have limited their use in many commercial applications and paved the way for development of modified starches having desirable functional properties such as solubility, texture, adhesion, texture, dispersion and heat tolerance [1, 2, 3, 4] . Succinylated starch is a stabilization-modified starch produced by esterification of native starch with succinicanhydride making the starch molecules amphiphilic [5] . Octenyl succinic starch(OSS), prepared by reaction of starch with octenyl succinic anhydride (OSA), is one of the most important amphiphilic derivatives because it is approved for food use at level of 3.0% treatment (degree of substitution,DS <0.02) by legal regulations in the U.S. [6, 7, 8] . Studies have been reported on the preparative conditions [9, 10] , distribution of OSA groups [2, 6, 8] and properties of OSA starches [1, 11, 12] . The preparative conditions affect the distribution of OSA groups ,futher
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influence the degree of substitution (DS) of OSA starches ,finally impacts the properties such as emulsification activity and susceptibility to enzymatic degradation [1, 2, 5] . As cassava is widely distributed in China, especially in southern China such as Guangdong, Guangxi ,Hainan [13] , therefore, it has important conomic significance to these areas.
Materials and methods

Materials
Cassava starch called Elephant ,Triangle and Peak brand were obtained from Hangzhou peak starch development Co., LTD; Domestic and Import starch were given by my tutor. Octenyl succinic anhydride was brought from China Aroma Co., LTD. Other chemicals used were analytical grade.
Preparation and modification of OSA starch
Certain quality of dry Cassava starch was suspended in distilled water (100g) with agitation. The pH was adjusted with a pH meter by adding 3% NaOH solution. A weighed quantity of OSA was added (diluted certain times with absolute alcohol, v/v) slowly in certain time. After period of time, the pH was adjusted to 6.5 with 0.1mol/L HCl solution to terminate the reaction, the mixture was filtered by Brinell funnel, washed several times with 1500ml distilled water, then put the solid into petri dishes, dried in drying oven at 60 for 24 h, then Shattered into powder and passed through a 100 mesh nylon sieve [5, 14] .
Determination of the degree of substitution
The degree of substitution (DS) is the average number of hydroxyl groups substituted per glucose unit [1, 14] . Bound OS content of modified granular starches was determined by a titration method [5] . The OSA starch sample (1.5 g, dry weight) was accurately weighed and dispersed in 50 ml95% (v/v) aqueous alcohol solution and stirred for 10 min to remove unreacted OSA. After that, add 15 ml2.5 M Hcl-alcohol solution, stirring for another 30 min. The suspension was filtered through a Busher funnel and the residue was washed with 1500ml distilled water until no Cl-could be detected any longer (using 0.1 M AgNO3 solution). The starch was resuspended in 100 ml distilled water, and then heated in a boiling water bath for 20 min. The starch solution was titrated with 0.1 M standard NaOH solution, using phenolphthalein as an indicator. A blank was simultaneously titrated with native starch as a sample. The DS and RE were calculated by using following equations [6, 14, 15] :
(1)
Theoretical DS= .
RE = ×100% (4) where % OS is the weight percentage of OS in OS starches, V1 and V2 are the titration volume of NaOH (ml) of OS starch and native starch respectively, and W,W1,W2 are the weight (g)of the dry OS starch, OSA and dry native starch respectively. N is the actual molarity of standard NaOH solution. where 162 ,210,209 are the molecular weight Mw of glucose unit, octenyl succinyl group and octenyl succinyl group minus the Mw of hydrogen atom respectively.
Result and discussion
Preparation of OSA starch
Effect of cassava starch species on esterification
As the extent of changes in starch properties during modification depends on starch source [5] , so the first reaction parameter studied was cassava starch species on esterification. Every starch sample (20 g, dry weight) was accurately weighed and modified as 2.2 said. Fig. 1 showed that Import starch has the highest DS and RE, so we choose it as the best one for further study.
Cassava starch species Fig. 2 showed that reaction time from 1 to 2.5h resulted in higher DS and RE. Prolonging time beyond 3h resulted in a decrease. It may be that as the reaction progressed, the concentration of anhydride was depleted due to esterification and hydrolysis reactions [14] . Thus, the optimum reaction time was 2.5h. Fig. 3 showed that an increase in the concentration of Import starch from 20% to 30% (in proportion to water, w/w) gave a steady increase in DS and RE and then decreased along with further increase. Since native starch and OSA are insoluble in water, the reaction is a heterogeneous reaction. The chance that starch comes into contact with OSA augments with an increase in starch slurry concentration and may be offset when the reaction system became difficult to agitate at the concentration above 30% [16] . Fig. 4 showed the effect of reaction temperature on DS and RE in the range of 30 to50 . Both DS and RE were maximal at 35 . An increase in temperature would enhance the diffusion of OSA into the starch granules as well as the swelling of the starch granules that would increase the rate of reaction, but a higher temperature would also enhance the solubility and hydrolysis of OSA [16] .
Effect of reaction time on esterification
Effect of starch concentration on esterification
Effect of reaction temperature on esterification
Effect of PH on esterification
Fig . 5 showed the effect of PH of the aqueous slurry on esterification. It indicated that DS and RE decreased strongly when pH under 8.2. This may be explained by the fact that pH above 8.2 favors anhydride hydrolysis, whereas pH below 8.2 does not sufficiently activate the hydroxyl group of the starch for the nucleophilic attack of the anhydride moieties [16] .
Effect of OSA concentration on esterification
Fig . 6 shows the effect of OSA concentration in a range from 1% to 5% on esterification with DS increased but RE decreased. This may result from insufficient mixing between the water insoluble OSA and starch phases. In addition, the RE decreased by dilution when using higher amounts of anhydride and alkaline reagents. As mentioned before, OSA is approved for food use at level of 3.0% treatment [6, 7, 8] , so we put the OSA concentration as 3%. Fig. 7 shows the effect of OSA dilution in a range from 1:3to 1:7 on esterification. It indicates OSA: ethanol (v/v)= 1:5was the most favourable .More or less dilution is not suitable. In addition, OSA is expensive [17] .
Effect of OSA: ethanol(v/v) on esterification
OSA: ethanol(v/v) Fig.7 . Effect of OSA: ethanol (v/v) on DS and RE. Reaction temperature was 35 ; PH 8.2; 3%OSA concentration; Import starch concentration 30%; reaction time 2.5h.
Conclusions
On the base of the best single factors we make the orthogonal experimentL16 (4 5 ) , the suitable parameters of the preparation conditions were selected as follows: concentration of starch slurry 33% (in proportion to water, w/w), reaction time 2.5 h, pH 8.2, reaction temperature38 , 3%OSA concentration (inproportion to starch, w/w), OSA: ethanol (v/v)=1:3. Under these conditions, DS was 0.0165and RE was 71.13%. These can be used as the references for further study such as the preparative conditions, distribution of OSA groups and properties of OSA starches by other modification methods.
